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~ERIMENTAL COMPARI~ OP THE ACTIWEWRLLCOIFJCIDENCECOUNTERWITH THE RANDOMDRIVER

by

Howard O. 14enlove, Borbert Enaslin, and Thusas E. Stwpaon
Los Alsmoe, Hew %tiCO 8?545

ASSTRACT

A direst comparison has bee> made between the IAEA Active Well
Coinoidenoe Counter (AWCC) and the LASII Random Driver at 04S-8. The
comparison inaluded ah ●xperlmental evaluation of precision, counting
rate, accurmy, penetrability, stability, end the effect of sample
inhomogeneity.

samples used Ic the evaluation includeu highly enriched U306,
U308 mixed with graphite, highly enriched uranium metal discs, rmd
depleted ursnim metal. These materials are typioal of the samples M“
interest to the IAEA inspectors.

We ooncluded from these i?vestigstions that the two instruments
had very similar performance charaoteriatics with the Random Driver
giving batter penetrability and the AWCPgiving better stability.

KEYWORDS: Nondeatructlve assay, uraniw, random driver, neutron, coin-
cidence oounter, stability, precision, calibration

INTRODUCTION

In recent years, random &lver (RD) type Instruments have been widely used for the non-
destructive assay (NDA) of 235u. There have been several versions of random drivera;l
some designed and built by LASL and acme by oommoercial instrumentation vendora. The paper
by Paul Goris in Session IV of this symposium desoribed the application of a commercial
random driver to the NDA of 233u. The differant RD units have generally improved over
the years with better detectors, electronics, and data analysia techniques. However, this
type of system i.a not readily ●daptable to portable applioationa for field inspections
because of ita weight and complexity.

The Active Well Colnoldanoe Counter2 wea a oombinatlon of a small AmLi neutron
interrogation souroe and 8 3He thermal-neutron well Coincidence count~r. This Active
oounter can be u.!ed for ureniw samples, inoluding high gamma-ray background materials
suoh as 233U-Th fuels The present AWCCwaa developed to be more lightweight and
portabla than the oonventionel fast random driver ●aaay ayatem.

The purpose of the present paper is b meke ● direct experimental comparison of the RD
and the AWCC. The performance paremetera of interest in the comparlaon are:

1. oounting retea,
preoiaion,

$ mtability,
response linearity, penetrability,

5: geometrio effeots,
6. sample inhomogenelties and matrix effeots.

Semplea that wrci ●vailable for the oomperiaon inoluded highly enriohed U30
reoovery oena, U308 mixed with @aphite, and uranium metal disoe (93.15$ J35$
aimiler in ajze to the ‘bI,IttonBW and ingota used for fuel fabrication. The masa of the
semples ranged frcm Z3Q to 4000 gll.



RAWKMDRIVERDESCRIPTION

The I?ardcm Driver is t ioally used to detemine the enriehed uranium oontent of oxide,
metal, Tor real due samplea. Typioal oontainer 8ize8 are 5 to 10 litem oapscity. AmLi
ranchxs neutron aouroen are used to induoe f’iason reectiona in the 235u present in the
material. Relatively f’m i’i88iona ooeur in the 238U beoauae the neutron ener
of the AmLi wuroea (0.3 t4eV aver ~) is below the

g SPS;::
fission threshold for 2 U.

the spontaneous fiasi6n rate of 23 U is very low. The fission~ induced in 235u are
observed by ooincidenoe oountlng the time-correlated Tlsslon neutrons with two 5 x 25 x 50
em Pilot F fast plaatic aointillatora, looated on opposite sides of the assay chamber as
shown in Fig. 1. By mqciring the detection of neutrons in both ncintillators within 45
nanoeeconda, It Is possible ti di8tinguLah fission evente from randomly produced AmLi
anurce neutrons. The ooincidanoe counting .mte is proportional to the quant~ty of 235u
in the material being assayed, and thus provides a measure of the uranium eontent.

A nuirbar of’ featurea are Incorporated in the design of the RD to reduce potential
sources of assay biae. The interrogating neutrons are not thermalized, and the assay cham-
ber Is lined with boral to absorb low-energy neutrons, thus ensuring good neutron panetre-
bi14ty through the sample. The deteotom are also shielded vith 5 cm of lead, because the
fast plastic acintillators are eensitive to energetic igumna -ays as well as neutrons. This
lead eliminates the gacma raya from the AmLi 8ouroa and some of the induced Tission @mma-
rays from 235u. The attenuation of gemsaa in moat large samples is greater than the
attenuation of neutrons, To make ●ssay!! less dependent on sample density and oompositlon,
the RD discriminates against @cma raya by the use of lead and by time-of-flight. Garrsna
ray signale are detaoted in the nci<%illators in the first 2-3 ns, whereas neutron flight
times are typically 20-40 ns. A time window of 5-45 n8 is used to accept most (n,n) coin-
cidences and re~ect moat (y,y) coincidences. For typical energy thresholds of 650 keV for
neutrons and 220 keV for gamas, th RD response oonsists of 78$ (n,nj coincidences and
22$ (n,y) ooincidenaes.4

Two teohniquee are usual to reduoe the effeata of loading differences between samples.
The sample 18 rotated Wring aseay to minimize the effect of aa~etric loading of material
vithin the oontainer, and the AmLi aoumea are positioned to produce a nearly uniform ver-
tical response profile over the typioal range of oontainer fill heights (2-20 cm). There
la a 3-5$ variation in RD response as a function of height, as dete~ified by mcvin6 a small
sample along the oentral axia of the sample ohamber. For large samples the total inte-
grated response is oonstant to 1S or less over the range of fill heights.

The effect of introducing moderating ❑aterial into the aesay chamber is to reduce the
energy of the interrogating epactrum, uhiah ino~eaaes the rate of induced fission in
235u, Light element moderating material oan ●ppear either as mat?ix or in $mIyetkvlene
container and baga. Beoause the type of container (i.e., metal or polyethylene] used for
most material being aaaayed b. diotated by the process stage in which the material occurs,
assay data should normally be eorreeted for perturbations aaused by moderating material in
the sample ohamber. This oorreation IS baeed on the response of two 3He proportional
oountem, located ●d~aoe?h to the sample assay position, which ❑onitor the interrogating
neutron flux.

Elimination of some aouroea of assay bias by the instrument design featurea and
aorreotlons described ●bove hae reduoed the number of phyeical standards required for
calibmtlon of the RD. However, experience with a wide variety of aaC?ple types has zhown
that widely different mteriala require different calibration cu~ves to obtain good
aaouraoy. The RD deeoribed in this report hae ~.~r?te calibration curves :or pure
uranim oxide, oxide mixed with gmphlte, uranium in hvdrcrluoric slag, and reduction
me+nl residues.

ACTIVEW~L COINCIDENCEmUNTER

The baaic prinoiple of Ma AWCCie the same ●e the RD. That la, fast-neutron interro-
gation using a randoa neutron aouroe (e.g., AmLi) and counting the Induoed fission reac-
tiona using t!oinoidenoa tttOhnlqUSp to eupprena the eignal from the randau Interrogation
aouroe. The primary dlfferenoe IN that tne KJCC uees 3He detectors whioh are sensitive
to neutrons after they have elowed, Thin neoeesitates the uae of relatively long (32-64
ue) ooinoidenoe tine mtes resulting in a 1s!’6s fraction of accidental coincidence events



for high Oountlng rates. To help ●lleviate this problem, we have positioned the AmLi
aouree inside CH~ shielding (the end plugs) as Shown in Fig. 2 to reduae the accidental
pileup rate. With thie teofmique, the induced signal- tc-interrogation neutron background
ratio IS improved by ● faator of ten.

The AWCChas been deat~ed * take advantage of the portable ●lectronics paokage5
that was developed for the HLNCC. To keep thie initial model aa simple aa possible and to
take direet ●dvantage of the previously developed electronioa package, no neut?on flux
monitor has been inmrporatad into the present AWCC. Flux monitors are often used with
●otive neutron assay units to sake wrreotions for neutron self-shieldlng or for neutron
moderation in hydregeneous natPix Wteriala. Operational experience with the present
sodel will be used to evaluate the need for a flux monitor in more advanced models.

Nomally the sample oavity wall of the AWCCIS lined with a 2.54-em-thick nickel
reflector to give a ❑ore penetrating neutro~ interrogation. However, the sample cans for
the U 08 plus graphite mre so large (20-om diem) that it waa neceaaary to remove the
nioke? liner and the topsndbottom CH2 discs (7.6-em-thick) toaccomodate thecan.e.
The removal of the nickel reaulta in arsce loaa of penetrability. The counter waa returnecl
to the configuration shown in Fig. 2 for tha meaaurementa on tht! HFT metal discs. There
la a sleeve of Cd in the detector sample Well to remove thermal matrons ~rom the inter-
rogation flux and to improve the shielding between the 3He detectccs and the AmLi souroe. ‘

To obtain ● more uniform spatial interrogation, two neutron sources of similar yield
are used. One la in the lid and one is in the bottom P1U8 aa shown in Fig. 2. The use or
two aourcea results in a rather uniform vertical response.

The mit uses 42-3H] ~s (4 atm pressur.’) tubes that are 2.54 om diameter and 5C.8
om long (active length). This detector configuration 8ives an abaolute efficiency of
approximately 30S for counting fission speotrum neutrons.

The eleotronica unit la directly interfaced to the HP-97 programmable calculator shown
in Fig. 3, A mioroprooessor in the unit reads out the run time, total counts, reals plus
accidental oounta, and accidental counts to the HP-97. The HP-97 la then used to reduze
the data using the software package selected by the operator.

Table I gives the specifications for both the RD and the AWCCshowing the major phys-
ical differences in the two systems, The weight and size of the AIJCCla oonaiderably less
than for the RD.

EXPERIMENTALPROCEDURES

For thm comparison, the AkLC was taken to the uranium reoovery plant at LASL, where
the CMB-8 Rand= Driver shown in Fig. 4 is in routine use. Thus, both systems were
operating side-by-aide to obtain the asme environmental factors. The samples were
alternatively oounted in the RD and the AWCCfor the same time intervals - typioally
1000s. Repeat runs were performed on the lower mass samples to improve the counti~g
at.atiatica.

The samples aeleoted for the maaaurement were those normally usad for th~ calibration
of the SD (U308) plus the HEU metal discs that were prepared foil IAEA detector cali-
bration. Also, depleted Uraniun metal diaoa of the same size as the HEU discs were mixed
with HEU disos to oreate inhomogsneities in the sample.

To cheek the stability of the SYStaCU, oyclic runs were nerformed over two nights and
over a three day weekend. High mesa samples were used for these runs to give good counting
atatLStioS to better oheck the precision.

The primary evaluation oonaidered the RD coincidence reaponae directly without making
corrections for the flux monitor or temperature ae~aor. This waa to permit a direot con-
parieon with the AWCCooincidenoa reeponse whioh has no correction eenaora in the present
model. The deta shown in the grpphs and tablee correaponda to the uncorrected reaponae
from both aystams. The magnitude of the correction factora for the RD were observed to be
small and rather uniform over each of the sample categories.
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Number of AmLi sources

Total source strength

Interrogation energy

Detector type

Counting

Respanse si~al

Coincidence bate

Body weight

Electronics

TABLEI

RD ANDAWCCBYS~ SPECIFICATIONS

an

2

106 n/~

Faat neutron

Plastic Saintillators

Fast neutrons and gaussa rays

Fast coincidence

s 45 ns

1150 kg

2 NIM BINS plus minicomputer

AWCC

2

105 n/~

Fast neutron

3He tubes

Thermalized neutrons

Slew coincidence (auto-
correlation)

% 64 US

125 kg

HLNCCpackage plus HP-97

RESULTS

U308-L~@ Containers

The RD located at the LA8L uranitso recovery facility la normally used to measure the
235u Ccntent ~f U308 in stainless steel cans that are % 20-cm-diam x 25 cm tall.
This material is in twc SSmp10 categories - each having its own set of standards. The
first is pure U308 ranging in mass from 250 tc 4000 g uranium (%93!! enriched in
235u), The standards of this type mOtOPial that were used for the comparison are listed
in Table II. The ureniun is very concancrated and fills only the bottom few centimeters
of the can resulting in a ‘pancakeW ahaped sample. The U O had a density of approxi-

?$. This density was basi-mately 2.38 g/cm3 resulting in a 235U density of 1.96 8 cm
tally the same for all of the U30B mtandarda with only the fill heigk: changing as the
sample mass increased.

The Bet of U 08 standarda mixed with graphite
Table II. ?

‘.re listed in the bottom section of
In th e csae the Paphite fills moat of the vclume resulting in a lcw 235U

density. The maas of the uranium ranged from 234 to 4000 6. The 235U det,sities were 3
tc 30 times lower than for the pure U 08 material.
heighta had large variations ●a giVOn in /able IX. Thel~~~~’q~%i~;~~i~~e~r~~~it?~~
these ccntainere had ● significant effect on the observed signal for both assay systems.

Random Driver Results

The net ccinoidenoe response of the RD aa a function of uranium content is shown in
Fig. 5. All of the data pointa lie on a smooth curve which has the functional form
aU/l+bU for uranium values lees than 2000 g. For the 4000 g sample, the multiplication
gives a alight inoreaee in the coincidence response.

The ourve for the U30E Plus @aphite falls below the curve for pure U308 for
the RD. Thie ressult 18 somewhat aurpriaing becauae the graphite will increase the inter-
rogation flux denalt and Inoreaae the number of slow neutrons which have a high fission

!oroaa section for 23u. However Tor the RD, the graphite has the opposite effect on the
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sample Net Wt.
ID L

Pure U308

TRN-250 296
TRN-500 591
TRN-109O 1183
TRN-1500 1774
TRN-2000 2366

U308 Plw Graphite

STD-234 4678
STD-468 4678
STD-500 7005
STD-846 4230
STD-1OO 7335
STD-1591 4679
sT~2000 7640
STD4000 9691

TASLS II

STANDARDSAHPLgCHARACTERISTICS

Fill Ht. Diem
J?!!!L Q@

0.46
0.91
1.82
2.73
3.64

13.5
12.0
19.3
10.0
lP.fj
12.5
19.0
18.0

18.2
18.2
18.2
18.2
18.2

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.3

250
500

1000
1500

234
468
500
846

1000
1591
2000
4000

2nrielmmnt
(s)

93.14
93.14
93.14
93.14
93.14

92.83
92.83
92.88
92.83
92,88
92.83
92.88
92.88

0..fa
1.94
1.96
1.96
1.96
1.96

.0512

.115

.0765

.250

.159

.376

.311

.657

counting ohalnel. That is, the induced fisa.ion neutrons and aama ravs have a more diffi-
oult ti~e being oounted by” the plastic aolntillatora. The W>S oont~in 4-6 kg of graphite
which both ebsorbs flsaion ganzna rays in transit to the aointillators and slows down the
fast neutrons so that they are below the oounting energy-threshold. Thla graphite has the
opposite effect on the response for the AWCCwhich will be diacuased in the next section.

The net coincidence response for the U 08 samples are listed m Table 311.
error correspond~ to the calculated standard c/eviathnf ora1000stwn. l%rthelow~~
samples, several measurements were performed to obtain batter precision than the value
listed in the table.

The last celumn in Table III gives the coincidence rate per gram sample. Thla is an
indication of the penetrability of the Interrogation flux. A linear calibration curve
would correspond to a mnatant value for the response per gram, The pure U308 curve
is more linear than the graphite ourve because the graphite moderatea the interro ation

!!!neutrons ~esulting in more low-enerm neutrona and thus more eelf-shielding in the 23 U,

Active Well Coincidence Counte~ Results

The rssults for the aanm set of standards M8aswed with the AWCCare shwn in Fig, 6.
These curves are more nonlinear than the corresponding curves for the P9. This indicates
a softer Interrogation neutron spectrum for the AUCC. The reason for this 1s the large
amount of hydrogen in the CH2 end plugs and detector walls.

The Ourve for the U308 plus graphite la above the U308 curve. We expect this
to be the ease beoause the large quantity of graphite increases the low ●nergy neutron
flux . As opposed to the S0, the graphite has little or no effect on the efficiency of the
AWCCfor counting the induoed fission neutrons.

The data point at 1591 6 II fallS Bignifiaantly below the Ourve through the other data
points. A likely raaaon for the 10U re21pon8e 18 that this aan oontains less graphite than
the other oana with similar amounts ol’ uranium resulting in leas neutron moderation.
A.lao , the waphite aotb aa a diluting agent for the U308 and Iesa ~aphite means a
Mgher Ooneentration 0S U 08 and thus more self-shielding.

i
The AWCCia more ~ensltive

to this type problam than he RD. The large sample eana made it necessary to remove the
nickel liner from the AWCCand thin Inareaaed the self-shielding problems,



TA8L6 111

RAEDONDRIVER~234=ff RtSOI..TSFOR U30~ ANDU308

Standard
68EDlC Colnoidonoe Deviation

I.D.~E U

U308

TW-250
TRN-500
TRN-looo
TRN-1500
TRN-2000

U308 plus Graphite

STD-234
STD-U68
STD-500
STD-846
STD-looo
STD-1591
STD-2000
STD-4000

I&o (a-l)

:::
10.7
27.3
35.3

4.27
;.;:

.
i4.7
16.8
26.3
31.5
57.8

(1000 a)

5.2%
2.0s
1.5s
1.1s
0.88s

5.8%
3.0%
2.9$
1.8fi
1.6$
1.1s
0.98$
0.62S

PLUSGRAPHITESTANDARDS

19.6
;:.;

18:2
17.6

18.3
18.3
17.7
17.4
16.8
16.5
15.8
14.5

The results of the AWCCmeaEuremanta ●re llatad in Table IV, and we aee that the net
oolnoidenoe rate for the AWCCIs apprc~lmately 6 times higher than for the RD even though
the AmLl aouroa strength is ● factor of ten amallar. The reason for this is the higher
detector efficiency and the Softer intel PO(pitiOtI flux. It should ‘be noted that the stand-
ard deviatiom for both the AHCCand !W are about the same in zpite of this higher count
rate. This la baeauae of the high accidental ooinoldenoe
the statistical error.

‘.e in the AUCCcontributing to
The aoincidenca time gate in the AUCCie 64 ys compared with about

45 ns for the RD.
NW Notal Discs

The high enrichment metal diaos used in the present experiment are similar to metal
buttons of interest in inventory inspections. The tuo diameters (6- and 7-cM) for the
discs were used to aheck the effact of diameter variations in the meaaurementa.

To obtain the mass range from ●pproximately 500-4000 g U, the discs were etacked on
top of eech other to fom a oylinder with heights varyin from l-cm to 7-cM. The uranium
metal had a density of 18.7 g/om3 resulting in a 2~5U density Of 17.5 g/Cm~. TO
avoid oxidation and oontaminnthn by the uranium, the discs were ooat.ed with a thin nickel
plate.

Random Driver Results

The samples were eountad in the RD vith no ohanga in tne detector configuration used
fOr the L!rgS U308 _nS. The raaults of the meaw.remants are given in Table V, The
response par g U of a single dfac (17.2] ie eomauhat leaa than the reaponae per g U for
the U308 eamr’ss (19.5 for TRN-5CO)0 This reduation is likeiy aauaed by neutron or
gamma eelf-shielding in the higher danaity metal.

Aa the eample mass inoreanes from 1 disc t.c 7 dlecs, the response per gram increases
from 17.2 to 20.7 or a 20$ Inoreasa. This la oauaed by the ❑ultiplication of the induced
fiaaion neutrons.

Figure 7 givee a plot of the-t oolncidenoe rate aa a function of mranlum mass, The
curve la fit through the data for the 6-om-diam diaos. The larger 7-m disaa had an aver-
age reaponae par gram that waa only 1.6$ higher than the smaller diameter discs.



TABLEIV

Sample
I.D. -R U

U308

TRN-250
TRN-500
TRN-1OOO
TRN-1500
TRN-2000

AWCCMEASUREMENTRBSULTS

0308 PIUS Graphite

STD-234
STD-468
STD-500
STD-846
STD-1OOO
STD-1591
STD-2000
STD-4000

Coincidence
Rate (s-l)

24.2
42.9
88.0

124.9
153.3

33.4
56.0
61.9
96.6

109.6
147.3
185.5
300.2

POR 0308 AND0308 PLUS GRAPHITESTANDARN

Standard
Deviation Counts ~ 1000
(1OQOs) x

6.4$ 96.8
3.8$ 85.9
1.9s 88.0
1.4Z 83.3
1.2s 76.6

5.1s 142.6
3.15
2.8S

119.7
123.8

lo9i 111.2
1.6$ 109.6
1.2s 92.6
1.0s
0.61$

92.7
75.0

TABLEV

iiBU MSTALBUTTONSMBASUR~ WITHTHE RANDOMDRIVER

Sample Size Standard
diem X ht. Sample ~~~a Coincidence Deviation

(cm) (R u) Rate (s-l)—. — (1000 s run)

6x1 528 9.10 4,2$
6x2 1055 18.?.6 1.61
6x3 1583 28.44 1.11
6x4 2112 39.04
6x5

0.80%
2640 51.30

6x6
0.65S

3168 63.81 0.54$
6x7 3692 76.43 0.46%

7X1 718 12.36 2.16%
7x2 1434 ::. ;; 1, 15Z
7x3 2152 0.78$
7x4 287o 57:69 0.60$

a) U?anium metal eamples 93.14$ enriehed in 235u.

Count: x 1000
S*R

17.2
17.2
18.o
18.5
19.4
20,1
20.7

17,2
17.7
19.0
20,1

b) Corresponds to relatlw error in net coincidence rate considering only oounting
statiatioa.

The upward ourvature of the reaponae from multiplication 18 evident. Te&niques are
under development to make ●utomatic oorreotions in the data for multiplication..
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Active Well Colna%denee Counter Results

For the NUU diet maammmants, the AWCCwas returned tc its normal eonf iguratien es
shown in ?16. 2. This roller aeDple oevity increases the irradiation efficiency and the
miokel liner *roves the penetrability of the neutron flux.

TBble VI gives the results for the different aemple massea. The ooincldenoe response
per gram for ● disc (87.2) is vary close to the rasponae for the U30B aa=ples (85.9
for TRN-500); however, this ie onlY a “coineideneen beoause the detector and end Plug @co-
nfiguration $aa different for the two oaaea.

The reaponae per @’amohanges by only 8$ in wing from 1 disc to 7 disoa. There is a
oanoellatiom of self-shielding ●nd multlplioation effects. For the lower maas region
(<1500 g U) the self-shielding Uominatea resulting in a deolina of the response per g U,
but for the higher maas values ( >2000 g O) the multiplioatlon dod natea resulting in an
inoreaee in the response per g U. The average difference in response per g U from the
mean was only 2.77.

A plot of the ooineidence rate versus the reaponae 18 shown in Fig. 8. The curve is
fit through the date points for the 6-oaI- 6iam discs. The 7-cm discs fall slightly above
the ourve. The average !%ite per Fan for the 7-OM discs is 2.2$ higher than for the 6-cm
disaa.

Inhomogeneities,

A pair’ of 6-mdiam x l-am-thick depleted urani!no ❑etal dlaca ~ere used to check the
sensitivity of the aaaay aysteme to inhomogenoue samples. Two HEW metal discs were
measured in the following configurations: a) two HEWdiscs with n> depleted uranium (DU)
discs, b) two HEUdiscs inside the DU discs, and c) two HEWdiscs t.utside the DU discs.

We observed that the DU dieo inhomogeneities change the results by only approximately
2$ for the AWCC,but the ohange la approximately 5S for the RD. The RD haa the larger
perturbation because gamna reya contribute to its signal and the Dii absorbs some of the
-a rays before they reach the scintillatora.

TABLEVI

KEUMETALBUTTONSMEASUR~ IN AWCCWITHNi LINSR IN WELL

Sample Size
diem X ht. sample Massa Coincidence

(Ore) g u) Rate (s-l)

6x1 5211 45.72
6x2 1055 86 .28g
6x3 1583 127.55
6X4 2111 170.30
6x5 2636 218.73
6x5 3164 268.33
6x7 3692 318.33

7X1 718 66.22
7x2 1434 116.19
7x3 2152 179.11
7x4 2870 246.65

a) Uranium aetal aamplea 93.17$ enriohed in 235u.

Standardb
Deviation

(1000 s run)

3.2$
1.55
1.2$
0.85$
0.745
0.64$
0.55$

2.3$
1.4$
0.92$
0.69$

Count! x 1000
S“g .

87.2
81.8
80.6
80,7
83. o
84.8
86.2

92.2
81.0
83.2
85.9

b) Correaponde to relative ●rror~n net ooinoidence rate considering only counting
●tatistioa.

.



Additialal*sta mre perforndwheretheU*8 Oontentsof asmp19 TRN-2000 were
foroed to one side of the eon. The wured rate was 00MPsred with the ~1 s~le
geo8etry. In this osso the RI) had leas of ● perturbation than the AI#X. This AS partly
becsuse the S0 has s 8ore penetrating interrogation flux than the AWCCand partly because
there is leas radialgeaetrlc m%ation in the I@. The sample rotates peat the interro-
gation eouroee which ●verages out radial variations in the RD; whereas, there is no Sample
rotation in the AWCC, rnd the interrogation flux deoreaaea tith radial distance from the
oentrel axis of the well.

Ueseurement Prealeion and stability

A series of ●eaaurementa were perfomed overnight and over Ma weekend to oheok the
precision end Stability of the two syetema. liomally the 1500 g U or 2000 g U samples
were used in t ha oounters to give the ooincidenoe response.

The res”~lts of the meaewwments are given in Table VII. The observed standard devia-
tions era very oloae to the standard devistiona predioted by counting etatistlos for the
AWCC. The standard deviation in parentheses for the RD Corresponds to the measured value
after makxng oorrecthna nith the temperature sensor end the minicomputer. For cases with
bet ter statistical precision (e. g., the 10,000 s runs), the observed SD deviationa are
larger than would be expected from counting statlstloa alone. The cause of the instability
is likely to be the solntlllator-photo tube system. The stability of the 3He Uetector
syetem in the AWCCLa very good.

CONCLUSIONS

There are many characteristic and parameters to be oowsidered in the comparison of
the RD and AWCCsystems. The relative importance of these parameters depends on the
application and constraints on the user. A brief swmuary follows for the major param-
et ers of interest.

Counting Rates

The net coincidence oounting rate la approximately 18 x 10-3 oounts/s” gU for the
RD and approximately 84 x 10-3 oountsls. gU for the AWCC. However, this difference in
rate is not Important becausa the statistioel error is domi,lated by the accidental coinci-
dence rate which is oonslderably h’ ‘-” fv the AWCC.

—

TABLEVII

STABILITT RBSULTSFOR AWCCMD RD

Wednesday Overnight
(4000 a rune - 15 h period)

Net Coincidence Counts
AWCC RD a

1.J predicted 0.55s 0.42$
10 observed o. 59s 0.825(0.54%)

Thursday Overnight
(4000 s runs -15 h period)

la predioted 0.58$ 0.42$
1 a observed 0.595 0.45% (0.40s)

Friday - Monday
(1OOOOs runs -60 h period)

la predicted 0.26S O.26%
10 obsarwd 0.28$ 1.04$(0.96$)

~=lo value in parenthesis t’cr the RD corresponds to the standard deviation
ccinoidenoe count after making the terperatufi~ ”oorrecticn with the temperature
and mini-puter.

of the
sensor



Prooisial

other worl au of randm &iwrs ttmt & not tnvo the Pb ●iolding and gama-my timo
u9t0 FejOotiaI , h,- a ~ -r -ti~ ~ti ad b9tt0P Stiti8ti081 p~CiOi~. H-ver,
th psnotrability/Unoarity is t- worso and RD stobility llmita tho obsc. vod praoision
in any aaao.

Beaause of th lorgo qwmtitiell 0: irm and lad oloae ta the AmLi aouroo ●nd sample
cduabr, the RD Ima a Imrdar neutron intorrogaticm flux than the WCC. This is demca-
●tratad by tho mlibmtim mrroa for U

P
whore the linOaritY In htter ror tho RD

than ttm AWCC. Ttm better Ponotrability O tlm RD -k&a . ‘. poosiblo ta tolemte ● larger
=riation in oor~n typua of a&mplo inh-gonoiti~.

Gometrio Effects

Changes in oolnoidenoo rates booawe of sample poeition variaticms or goaetric effects
wore CU’Ily briefly studied in tb pronont work. The tw source ●pprosoh to flatten the
spatial mmpmse la ued in bth in&tn.manta. The response variaticm as a functio(. of
fill height m vertioal pomitim is very mall and ●amntially the amme for both systems.
The RD inoorporatos s rmtating azmplt boldor and aid. mmted neutron 8ouroea to reduce
tha Offecti of radial SUplo Variatiala. The AWCC doee not have this feature for tio
rmaaon8. One la to Imop the system simple - a rnchardoal standpoint, and the other is
that the WI aouroea are mountti m the oentar mxie of the AHCC to take advantage of the
end plug shielding of the AmLi background ❑eutrom.

Because of the above roaacma and the larger sample oavity of the RD, that system is
somewhat leas atijeot to sample gometrio effects.

9tability

he of the reasonn for ealeoting 3Ha Lubes for the AHCC was their ●xcelient stability
and their inaenaitivity to @ma rnyn. For high preoiaion counting (10 < 0.5-11) or appli-
cations with long periods htwon Mllbratlona, the AHCC haS better ~rfcrmance than tt, ?
RD. Thf RD systa uses plastio nointillator-phototube detecto.’s which are subject to tem-
para~ure variaticms and mdlatim fatigue. A temperature sensor is incorporated into the
nystom and ocaputer breed aorreotian me made for these effects.

Hmtrix Effeo’tia and Flux Honitora

The effects of matrix materials in the sample and the role of the flux monitor were
only lightly studied in tho resent mmparison. Thie wae booause of the limited sample
oate~oriaa and tha lmk of ● flux ●aitor in the AUCC.

The primary funotim of the % flux monitor in the RD ie to mke corrections for
hydrogon that might be present in the sample. Becwme there was no significant amount of
hydrogen in the standards wed in this oomparieon, the flux ❑onitor OOrrUctl On wou not
large. Howvor , if assay ●amp?00 havo W3iature oontent or z large amount of plastic
bagging material, a flux monitor might be required to indicate the problem ,md make apprc-
priato oormotima. .



The hwder nrutron interwwticn aPsotm5 e~ the RD nkes It less sensitive to inhafso-
#naMes that ●lfew tha It. F088tiUI&WtFGCJ S* es 8sM-shieldin6 in 1- offiaU8
8aterial.~, tb?WCC M leas-itive to-tFix-terl~lsthat●ffeot the counting
of the induced fis81a reeations. Exampleu of this are density variations in the 8atrix
materials which change t4w ~ray ●bsorption uullor the flsaion neutron mcdarstion.

In atmary there Ir sot ● 0CMi8tent ●dVant8@ ef one Syetam over the other with
re8paot to matrix effects. If the eaBPles contain a sisnif leant amount of moisture, a flux
Dcsutor ehOuld be used, or if the f.SSile danslty ia low, th-1-neutrcn interrogation
can be used to override the hydrogen Sffaot.

Formability

The relative portabllf cy of the two systems was aily indirectly checked in the present
work . That ie, the AWCCwas carried to the site of the RD rather than the other way
around .

In all factors which ptrtsin to portability, the AWCC is batter. The key parameter is
the weight and the AWCCla roughly a factor of tan lighter. The size of the AWCC elqc-
trcnics is abaut an order of magnlt ude smaller than for the RD. However, the RD electron.
ice could be reduced with sufficient effort. The AWCCis more rugged, stable, less com-
pleh, and leas sensitive to temperature variations than the RD. Also, when the AWCCLs
turned on at a new locati~, the warmup time for the electronics is only a few minutes
ccmparrd with several hours for the ND. The factor-of-ten analler Am-Li source strength
is another advantage of the AWCCwith respect to transportation logistics.

In Sumary, the performance characteristics of the RD at CMB-8 tind the AWCCare qui:e
similar with respect to precision and sensitivity. Tba AKCChas many obvious advantages
for portable applications as detailed above. For in-plant or fixed-site applications the
RD has the advantagp of better neutron penetrability. Also the minicomputer based data
analysis system can be used for mssursmant contrcl functions that are not possible with
t ha smaller portable electraics. For samples with high ~-ray backgrounds such as
irradiated ?SS% critical assembly plates and 233u-Th f%el materials, the AWCChas the
advantage of being insensitive to the game-ray backgrounds.

IAEA inspector applications normally zequlre equipment that can be easily moved from
one site to another, and thus the AWCCmore closely meets their need.
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. Figure1
BandomBriver (RDJ oount$ngchamber- ~egend: A. scintillate assembly, B.
souvoe, C. base, D- base skirtfng, E. ?rontmaintenancepanel, F. sample
platen, G. ligl$ H. %op oover, 1. caster+, J. weighingmechanism, K. door,~
L. steelshielding,M. borsl shielding, 1. sourcetailoring containel .

Figure?
Sehematlcdiagramof’ActiveUell CeincidencaCounter(AWCC)in its normal’con-
figurattonfor countingsmallaam?les.

F@ure 3
Photographof AWCC system completewith detectorbody and cart, electronics
package and HP-97 calculator for automateddatareadoutand analysis.

Figure 4
Photographof RD systemat CMB-8 includingdetectorbody, minicomputer, elec-
tronicsrack and TSI terminal.

Figure!5
Random Driver respoilsevs g U for highly enriched U@a powder and U30S
mixedwith a graphitematrix.

Figure6
AWCC response vs g U for highly enriched U308 powder and U309 mixed
with graphite.

Figure7
RandomDriverresponsevs g U for HEU metal buttons.

Figure 8
AWCCresponsevs g U for NE(Jmetal buttons.

.
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